Titanium TIG Welding 101

Titanium Metal:  Titanium and Titanium Alloys offer the best in strength to weight ratios, corrosion resistance to acids, chlorides and salt plus a service temperature range from -322  to 1100 degrees Fahrenheit. 

	Metal
	Yield Strength
	Density

	ASTM Grade 5 (Ti6AI-4V) Titanium
	120,000 psi
	282 lb/ft3

	ASTM A36 Steel
	  36,000 psi
	487 lb/ft3

	6061-T6 Aluminum
	  39,000 psi
	169 lb/ft3


Titanium is about 45% lighter than steel, 60% heavier than aluminum and more that three times stronger than either of them.

Common uses for this light, strong and corrosion-resistant metal include those for military applications, aerospace, marine, chemical plants, process plants, power generation, oil and gas extraction, medical and sports.
Responsible fabricators should meet standards such as those outlined in AWS D1.9, Structural Welding Code—Titanium.
Common Grades of Titanium
There are four classes of Titanium, CP or unalloyed, Alpha, Alpha-Beta and Beta.  
1)  The most common CP grades are ASTM 1, 2, 3 and 4. They differ by the varying degrees of oxygen and iron content; greater amounts of these elements increase tensile strength and lower ductility. Grade 2 is the most widely used, notably in corrosion resist applications. CP Grades have good ductility, good elevated temperature strengths to 572°F and excellent weldability. They cost less than alloyed grades, but have a relatively low tensile strength, such as 70,000 to 90,000 psi for Grade 2.
2)  The Alpha’s are largely single-phase alloys containing up to 7% aluminium and a small amount (< 0.3%) of oxygen, nitrogen and carbon. The alloys are fusion welded in the annealed condition.  

3)  The Alpha-Beta’s have a characteristic two-phase microstructure formed by the addition of up to 6% aluminum and varying amounts of beta forming constituents - vanadium, chromium and molybdenum. The alloys are readily welded in the annealed condition.  Grade 5 (Ti-6Al-4V), an alpha-beta, is the most widely used of any grade of titanium (50 to 70 percent of all uses, according various sources). The addition of aluminum and vanadium increases tensile strength to 120,000 psi and service temperature up to 752°F, but it also makes Grade 5 less formable and slightly harder to weld than Grade 2. It is used for a range of applications in the aerospace, marine, power generation and offshore industries.
4)  The Beta’s contain a large amount of the beta phase, stabilised by elements such as chromium, they are not easily welded.  Ni-Ti Alloys are used in a wide variety of products, examples are bend-resistant cell phone antennas, eyewear

frames, orthodontic arch wires, and vascular stents used to prop open blocked arteries.
Grade 9 strengths fall between Grade 4 and Grade 5, so it is sometimes referred to as a “half 6-4.”  Grade 9 can be used at higher temperatures than Grade 4, offers 20 to 50 percent higher strength than commercially pure grades and is more formable and weldable than Grade 5.
Grade 23 is similar to Grade 5, but features a reduced oxygen content that improves ductility and fracture toughness with a just a slight loss of strength. 
Filler Alloys

Titanium and its alloys can be welded using matching filler composition; compositions are given in AWS A5.16-2004. Recommended filler wires for the commonly used titanium alloys are listed in Table 1.  When welding higher strength titanium alloys, fillers of a lower strength are sometimes used to achieve adequate weld metal ductility.  For example, an unalloyed filler ERTi-2 can be used to weld Ti-6Al-4V and Ti-5Al-2.5Sn alloys in order to balance weldability, strength and formability requirements.

Table 1: Commonly used titanium alloys and the recommended filler material
	ASTM Grade
	Composition
	Filler Comments

	1
	Ti-0.15O2 240 ERTi-1
	Commercially Pure

	2
	Ti-0.20O2 340 ERTi-2
	

	4
	Ti-0.35O2 550 ERTi-4
	

	5
	Ti-6Al-4V 900 ERTi-5
	Workhorse Alloy

	7
	Ti-0.20 O2-0.2Pd 340 ERTi-7
	

	9
	Ti-3Al-2.5V 615 ERTi-9
	Tube Components

	23
	Ti-6Al-4V ELI 900 ERTi-5ELI
	Low Interstitials

	25
	Ti-6Al-4V-0.06Pd 900 ERTi-25
	Corrosion Resistant Grade


Cleaning
TIG Welding titanium requires extreme cleanness—the base metal, filler metal, and welding environment must be free of dust and oil. Any of the aforementioned will interfere with the shielding gas and cause embrittlement which will lead to weld failure.  
It is very important to clean the base metal and parts thoroughly to remove oxides which form when titanium comes in contact with air.  This oxide layer is what provides titanium with its notable corrosion resistance. Still, it must be removed before welding because it melts at a higher temperature than titanium and can enter the molten weld pool to create inclusions that weaken the weld.
Cleaning can be done with a stainless steel brush, a carbide file or a die grinder with carbide deburring bit all of which hasn’t come in contact with steel.  Steel wool and abrasives are not recommended because they can cause contamination.
Afterwards use a lint-free cloth and acetone or methyl ethyl ketone (MEK) to clean the metal and filler rod just prior to welding (after cleaning, store the acetone in a safe place prior to welding! Also, read the manufacturer’s safety precautions). To prevent the body’s natural oils from contaminating the filler rod or base metal, always wear clean gloves.  Wait for the solvent to fully evaporate before striking an arc, because some solvents have low flash points.
A Perfect Fit(up)

Joint fit-up is arguably more important on titanium tubing than on any other metal tubing because it is critical to prevent oxygen from entering the weld. The joint should be square (do not create a V-notch), which helps minimize the amount of heat and weld metal needed to fill the joint; this in turn lowers the chance of burn-through and contamination.

Clamp the pieces into a positioner or on a workstation to make sure the two ends are butted together as tightly and accurately as possible.

You do not need to preheat most thin-wall titanium tubing and pipe. However, consult with your welding equipment supplier if you plan to weld titanium more than 1⁄8 inch thick, because some preheat and postheat may be beneficial.

Shielding Gas Is Critical
Titanium falls into a family of metals called reactive metals, which means that they have a strong affinity for oxygen. At room temperature, titanium reacts with oxygen to form titanium dioxide. 
When heated, titanium becomes highly reactive and readily combines with oxygen, nitrogen, hydrogen and carbon to form oxides (titanium’s famous colors actually come from varying thickness of the oxide layer).  Interstitial absorption of these oxides cause embrittlement of the weldment and may render the part useless.  For these reasons, all parts of the heat-affected zone (HAZ) must be shielded from the atmosphere until the temperature drops below 650°F.
One of the most common mistakes when welding titanium is not verifying the many variables that contribute to good shielding gas coverage prior to striking the first arc.  Make it a practice to always weld on a test piece before beginning each “real” welding session.  To ensure that gas purity meets your requirements, AWS recommends using analytical equipment to measure shielding gas purity prior to welding.  Typical specifications require that the shielding gas (typically argon) be not less than 99.995 percent purity with not more than 5 to 20 ppm free oxygen and have a dew point better than –50 to –76°F.
Outfitting your welding torch with a trailing shield is critical—otherwise the risk of oxygen contamination rises, and with it the potential for cracking. Some welders fabricate their own trailing shields, although many styles are available for purchase. Trailing shields conform to the shape of the tube and follow the GTAW torch around the pipe. The shields provide an extra protection of argon over the weld after the torch and its argon flow have passed. Setting the torch and trailing shield gas flow at 20 cubic feet per hour (CFH) provides the best coverage.

Purging, a process that eliminates the oxygen contained within the pipe, also is required when welding titanium tubing. This process can be completed with any kind of purge dam: water-soluble dams, rubber gaskets, specialty tape, or inflatable bladders. Argon flows into the dammed area to replace the oxygen contained within the tubing. Allow the argon to flow long enough to replace the oxygen 10 times over to ensure the purest welding environment.

Always use a clean, nonporous plastic hose to transport the shielding gas to the torch, trailing shield, and purge. Do not use rubber hose; rubber is porous and absorbs oxygen that could contaminate the weld.

To Test Your Shield Gas

Set your TIG welding machine to about 50 amps for welding titanium. Set your post flow shielding timer to 15 seconds. Hold the TIG torch at a 90 degree angle to the titanium test piece and apply current. Create a puddle about 1/4" to 3/8", keep the arc as short as the diameter of the tungsten used, and dwell for around 7 seconds.  Let off your finger or foot pedal amperage control and hold the torch still until the weld and heated area cools below 650 degrees Fahrenheit completely...around 15 seconds.

If your argon is not contaminated, your electrode as well as the titanium puddle will be completely silver.

Welding Advice
ASTM International recognizes 31 grades of titanium. Different grades address the need for various combinations of mechanical properties, corrosion resistance, formability, ease of fabrication and weldability.  While the various properties of these grades can be somewhat overwhelming the welding of titanium is relatively similar to other alloy metals.
1)  Always set the machine's polarity to direct current electrode negative (DCEN). DCEN offers deeper penetration and a narrower bead in comparison to direct current electrode positive (DCEP).

2)  Use 2% Ceriated tungsten.  1/16” or smaller for welding currents less than 125 amps.  1/16” – 3/32” for 125 to 200 amps and 3/32” or 1/8” for currents greater than 200 amps.
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3)  Set gas flow between 15 to 20 psi and use a gas lens to evenly distribute the gas and create a smooth gas flow.  Use a cup with a diameter of at least 3/4”- to 1”.  A larger cup will enable you to make a longer weld.
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4)   To prevent contaminants from entering the weld pool via the filler rod (notice the discoloration on the end of the rod), clip off the end of the filler rod before every use. Store the filler rods in an airtight container when not in use.
5)  A short 1 inch bead minimizes heat input and ensures that the bead won’t “outrun” its shielding gas coverage.  Use a stainless steel brush dedicated to titanium to remove oxides before welding.

6)  After turning off the arc, hold the torch in position so that the post-flow shielding gas continues to cool the weldment until its temperature drops below 700°F.  Use an infrared temperature gauge to check temperature.  Post-flow duration will vary by the mass of the weldment, size of the weld and total heat input.
7)  Weld at the lowest amperage level that still produces complete fusion.  Do not travel too quickly, as that is a leading cause of porosity and weld failure.
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8)  The front and bottom of this weld show proper gas shielding as indicated by no discoloration of the weld.  The weld should be silver or light straw in color.  Any other colors are an indication of contaminants in the weld and they shouldn’t pass inspection. 
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9)  The back of the weld indicates a completely unacceptable weld. Note the progressive degree of contamination, with the “chalky dust” showing extreme contamination. The weld cracked internally with an audible “tink” after cooling for about 90 seconds. Welds with such contamination may not be repaired: scrap the entire part or cut out and completely remove the contaminated section.
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10)  When adding filler rod, be sure the rod end stays within the shielding gas envelope. Use a dab technique to lower overall heat input (as opposed to leaving the rod end in the weld puddle, which increases the mass of metal and total heat necessary to melt it).
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Weld Color Quality Indication
Bright Siver | Accepiabler
Silver Acceptable®.
Light Straw Acceptable®.
Dark Straw Acceptable®.
Bronze Acceptale®.
Brown Acceptable®.
Violet Unacceptable® ©
Dark Blue Unacceptable® ©
Light Blue Unacceptable® ©
Green Unacceptable® ©
Gray Unacceptable
White Unacceptable





11)  If the filler rod is not kept inside the shield gas the rod will become contaminated.  Clip off the end and continue. 
A) Discoloration must be removed prior to additional welding.
B) On the weld and in the HAZ up to 0.03 in. beyond the weld.
C) Violet, blue, green, gray and white are unacceptable.
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